The CP violation in the inclusive b → sg decay. We study the decay width and CP asymmetry of the inclusive process b → sg (g denotes gluon) in the multi Higgs doublet models with complex Yukawa couplings, including next to leading QCD corrections. We analyse the dependencies of the decay width and CP asymmetry on the scale µ and CP violating parameter θ. We observe that there exist an enhancement in the decay width and CP asymmetry is at the order of 10 −2
Introduction
Rare B decays are induced by flavor changing neutral currents (FCNC) at loop level. Therefore they are phenomenologically rich and provide a comprehensive information about the theoretical models and the existing free parameters. The forthcoming experiments at SLAC, KEK Bfactories, HERA-B and possible future accelerators stimulate the study of such decays since the large number of events can take place and various branching ratios, CP-violating asymmetries, polarization effects, etc., can be measured [1, 2] .
Among B decay modes, inclusive b → sg is interesting since it is theoretically clean and sensitive to new physics beyond the SM, like two Higgs doublet model (2HDM) [3] , minimal supersymmetric Standard model (MSSM) [4, 5] , etc.
There are various studies on this process in the literature. The Branching ratio (Br) of b → sg decay in the SM is Br(b → sg) ∼ 0.2% for on-shell gluon [6] . This ratio can be enhanced with the addition of QCD corrections or by taking into account the extensions of the SM. The enhanced Br(b → sg) is among the possible explanations for the semileptonic branching ratio B SL and the average charm multiplicity . The theoretical predictions of B SL [7] are slightly different than the experimental measurements obtained at the Υ(4S) and Z 0 resonance [8] . Further the measured charm multiplicity η c is smaller than the theoretical result.
The enhancement of Br(B → X no charm ) and therefore Br(b → sg) rate would explain the missing charm and B SL problem [9] . Further, Br(B → η ′ X s ) reported by CLEO [10] stimulates to study on the enhancement of Br(b → sg).
In [11, 12] , the enhancement of Br (b → sg) was obtained less than one order compared to the SM case in the framework of the 2HDM (Model I and II) for m H ± ∼ 200 GeV and tan β ∼ 5. The possibility of large Br in the supersymmetric models was studied in [13] . In [14] Br was calculated in the model III and the prediction of the enhancement, at least one order larger compared to the SM one, makes it possible to describe the results coming from experiments [9] . In the case of time-like gluon, namely b → sg * decay, Br should be consistent with the CLEO data [15] Br (b → sg * ) < 6.8 %
and in [14] , it was showed that the model III enhancement was not contradict with this data for light-like gluon case. The calculation of Br (b → sg) with the addition of next to leading logarithmic (NLL) QCD corrections was done in [16] and it was observed that this ratio enhanced by more than a factor of 2. 2 The inclusive process b → sg in the framework of the multi Higgs doublet models
In this section, we study NLL corrected b → sg decay width and the CP violating effects in the framework of the multi Higgs doublet models (3HDM and model III version of 2HDM)
The Yukawa interaction in the general 3HDM is
where φ i for i = 1, 2, 3, are three scalar doublets and η
are the Yukawa matrices having complex entries, in general. The Higgs doublets are
with the vacuum expectation values, (see [17] ).
The Yukawa interaction for the Flavor Changing (FC) part is
where the charged couplings ξ
and
Since there exist additional charged Higgs particles, F ± , and neutral Higgs bosons h ′ 0 , A ′ 0 in the 3HDM, we introduce a new global O(2) symmetry in the Higgs sector which ensures that they are mass degenerate with their counterparts existing in model III (see [17] for details).
This symmetry also permits us to parametrize the Yukawa matricesξ
where ǫ U (D) are real matrices satisfy the equation
Here
U (D) with X = ξ, ρ, ǫ and T denotes transpose operation. Note that the model III expressions can be obtained by taken only the doublets φ 1 and φ 2 into account and
Now, we would like to continue the study of the inclusive process b → sg. Our starting point is the recent calculation of NLL corrected decay width [16] 
where
with
and Γ brems is the result for the finite part of bremsstrahlung corrections
HereĈ 1 = . (see [16] for details). In eqs. (12) and (14) and β 0 = 23/3. The 
we get
in the model III where Ω D(br) and Λ D(br) are the contributions coming from D-part (bremsstrahlungpart) and they read as
The functions A 5,6,7 and B 4,5,6 are defined as
B 1,2,3 appearing in eq. (19) read
Here we use the parametrizations
and the Wilson coefficients
The LL corrected Wilson coefficients C 
In eq. (18) , it is necessary to make the following replacements:
Discussion
The general 3HDM model contains large number of free parameters, such as masses of charged and neutral Higgs bosons, complex Yukawa matrices, ξ
with quark family indices i, j.
First, a new global O(2) symmetry is introduced in the Higgs flavor space to connect the Yukawa matrices in the second and third doublet and to keep the masses of new charged (neutral) Higgs particles in the third doublet degenerate to the ones in the second doublet [17] . Second, the Yukawa couplings, which are entries of Yukawa matrices, is restricted using the experimental measurements, namely, ∆F = 2 mixing, the ρ parameter [18] and the CLEO measurement [19] ,
In our calculations, we neglect all Yukawa couplings exceptξ (3HDM(O 2 ) ). Further, in our numerical calculations we respect the constraint for the angle θ, due to the experimental upper limit of neutron electric dipole moment, namely
which places an upper bound on the couplings with the expression in the model III (3HDM(O 2 )):
Throughout these calculations, we take the charged Higgs mass m H ± = 400 GeV , and we use the input values given in Table (1) .
0.117 Table 1 : The values of the input parameters used in the numerical calculations. 
Now we would like to present our conclusions:
• Γ can reach 0.84 (0.86) ×10 −14 in the model III (3HDM(O 2 )) and this is an enhancement a factor of 4 compared to the SM one.
• A measurable CP asymmetry A CP exists with the addition of NLL QCD corrections and choice of complex Yukawa couplingξ 
